s 



§ 



i 



CM 
CM 




CM O) 




3S3 



i 

i 



CO 
CO 



S3 
III 



58 2 w 
cm co ^- 

4** 



8 8 8 

CM 



CM 
CO 



CO 
CO 

Q 



«- CO 
N» 00 
u O0D 

t SSI 



in 



CM CO 



o 

a: z 3 



o 

CO CO 



CO CD 

Q to 

"* r? — 
© c 2 

c c CO 

•S ° ^ ¥ 

CO CO CO , 

o o a. O i 

s s 8 o. 

£5 s * 



CO CO ^ ^ 



i 

a. 

c 2 
>r 



CM 



CO 

•l 

00 
O) 
00 
CO 

i 

s 

a 

f 

Ui 

u. 

e i 

Is 

9 K 
0)0. 
< CO 



tj cn to u> 

8 



J 



c 



OPJ DATE 25/02/98 APPLN. ID 39669/97 
AOJP D/\TE 30/04/98 PCT NUMBER PCT/US97/13417 



AU9739669 



. CD- 



(51) International Patent Classification 6 : 

C08F 2406, 26712, 28/06, H01L 33/00 



Al 



(11) International Publication Number: WO 98/05693 

(43) International Publication Data: 12 February 1998 (12.02.98) 



(21) International Application Number: PCI7US97/13417 

(22) International fling Date: 30 July 1997 (30.07.97) 



(30) Priority Data: 

60/023.071 
Not furnished 



2 August 1996 (02.08.96) US 
29 July 1997 (29,07.97) US 



(71) Applicant: THE OHIO S TATE UNIVERSITY [UfiflJS]; 37 8 

, Brifltar Hall, 190 North O val Mall, C o lumbus. Oil 4 3210 - 
1 337 (US) ! l%o Kd~*4 Low CbcucnSos o*»© 

(72) Inventors: EPSTEIN. Arthur, J.; S3 South Mericte, Bexley, 

OH 43209 (US). WANG, Yunzhang; 500 Broadmeadows 
Boulevard #203, Columbus. OH 43214 (US). GEBLER. 
Darren, D.; 479 West Kanawha, Columbus, OH 43214 (US). 
S WAGER, Timothy, M.; 18 Copley Street, Newton, MA 
02158 (US). 

(74) Agent: GILCREST, Roger, A.; Scandley & Oilcrest, Suite 210, 
495 Metro Place South, Dublin, OH 43017 (US). 



(81) Designated States: AL, AM, AT, AU. AZ, BA, BB, BO, BR L 
BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB, OB. 
HU, IL, IS. JP. KE, KO, KP. KR. KZ. LC, LK, LR. LS. LT. 
LU, LV. MD, MG. MK, MN, MW. MX, NO. NZ, PL. PT. 
RO, RU. SD, SB, SO, SI, SK, TJ, TM, TIV TT, UA, UO, 
UZ, VN, ARIPO patent (GH. KB, LS, MW, SD, SZ, UO, 
ZW), Eurasian patent (AM. AZ. BY. KG, KZ, MD. RU. TJ. 
TM), European patent (AT, BB, CH, DE, DK, ES, FI, PR. 
GB, GR, IE, IT, LU, MC. NL, PT, SB), OAPI patent (BF, 
BJ. CF, CO, d, CM, OA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international starch ripen. 




(54) Title: ELECTROLUMINESCENCE IN LIGHT EMITTING POLYMERS FEATURING DEAGGREGATED POLYMERS 
(57) Abstract 

In general terms, the present invention includes a light emitting polymeric material, the light emitting polymeric material capable of 
producing electroluminescence upon being provided with a flow of electrons, the light emitting polymeric material comprising a plurality 
of polymeric chains comprising polymeric chains each having substkuent moieties of sufficient number and size and extending from the 
polymeric chain and about a substantial portion of the circumference about the polymer chain so as to maintain the polymeric chains 
in a sufneiendy deaggregated state (referred to herein as a Strapped" polymer), so as to substantially prevent the redshifung of the 
electrohjminescence and the lowering of light emission efficiency of the electroluminescence. 
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Electroluminescence in Light Emitting Polymers Featuring 

Deaggregated Polymers 

Technical Field 

The present invention is in the field of light-emitting polymers and light 
6 emitting devices produced therefrom. 

Background 

Conjugated polymer based light-emitting devices have become an extensive 
area of academic and industrial research since the report of electroluminescence 
(EL) in poly(phenylene vinylene) (PPV) in 1990 [1]. 
io A great number of different conjugated polymers have been found to exhibit 
EL including PPVs 11-3], poly(phenylphenylene vinylene) [4], potyphenylenes [5-7], 
•H": polythiophenes [8-9], polyquinolines [10], polypyridines [11-12], poly(pyridyl 
: . ' * . vinylenes) [1 2-14] and many copolymers of these materials. 

In addition to many different materials, numerous configurations have been 
ll.'f is used to change and improve device performance. For instance, the use of 

" * ' * : additional layers to improve device efficiency 
• • • 
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has been known for some time [2,1 5]. Inserting a hole-transport (electron blocking) layer between 
the anode and emitting polymer or an electron-transport (hole-blocking) layer between the cathode 
and emitting polymer can greatly improve efficiency by confining the majority carrier to the 
emitting layer. A well known hole- transport (electron blocking) layer is poly(vinyl carbazole) 
5 (PVK) which has a large band gap (3.5 eV) and is itself luminescent [16-1 8J. 

Despite these advances there remains a need for improvements in the electroluminescence 
performance of light emitting polymers. Particularly, there remains a need to improve the 
performance of exiplex-forming bilayer devices so as to reduce or eliminate the redshifting believed 
to be associated with the aggregation of polymeric chains within the emitting polymer. 
10 It is a goal of the present invention to produce light emitting polymer and light emitting polymer 
devices made which give light emissions having reduced redshifting. 

In view of the present disclosure or through practice of the present invention, other advantages 
may become apparent. 
SumiMtt Of *h« Invention 
IS In general terms, the present invention includes a light emitting polymeric material the light 

emitting polymeric material capable of producing electroluminescence upon being provided with a 
now of electrons, the light emitting polymeric material comprising a plurality of polymeric chains 
comprising polymeric chains each having substituent moieties of sufficient number and size and 
extending from the polymeric chain and about a substantial portion of the circumference about the 
20 polymer chain so as to maintain the polymeric chains in a sufficiently deaggregated state (referred to 
herein as a "strapped" polymer), so as to substantially prevent the redshifting of the 
electroluminescence and the lowering of light emission efficiency of the electroluminescence. 
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II is preferred that the polymer of the present invention comprise, polymeric chains selected from 
the group consisting of alternating and random copolymers, having comprising the structure: 




wherein m is the degree of polymerization; 

Y is selected from the group consisting of -CH 2 , O, S, CO and NR, wherein R is an alkyl group 
containing 1 to 16 carbon atoms; 

A is selected from the group consisting of (CHj) „, (CH 2 CH 2 0) „ (CH 2 CH 2 0) n NR wherein R is 
15 alkyl group containing 1 to 16 carbon atoms, and aryl groups having 6 to 14 carbon atoms; 

B is selected from the group consisting of (CHj),,, aryl groups having 6 to 14 carbon atoms, and 
calixarene having 18 to 200 carbon atoms; 

wherein u may be of a value independently selected from the group 1 to 6, inclusive; 
wherein w may be of a value independently selected from the group 1 to 6. inclusive; 
20 wherein n may be of a value independently selected from the group 0 to 6, inclusive; and 
wherein Z may be a structure selected from the group consisting of: 
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wherein R is an alkyl group containing 1 to 16 carbon atoms, 

wherein Y is selected from the group consisting of -CH,, O, S, CO and NR, wherein R is an alkyl 
10 group containing 1 to 16 carbon atoms; 

B is selected from the group consisting of (CH^, aryl groups having 6 to 14 carbon atoms, and 
calixarene having 1 8 to 200 carbon atoms; 

wherein u may be of a value independently selected from the group 1 to 6, inclusive; and 
wherein w may be of a value independently selected from the group 1 to 6, inclusive. 
1 5 The electron transporting polymer may include polymeric chains selected from copolymers 
having the structure: 
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There is also provided by the present invention a light emitting polymeric material, said light 
emitting polymeric material capable of producing electroluminescence upon being provided with a 
flow of electrons, said light emitting polymeric material comprising: 

a plurality of polymeric chains comprising polymeric chains each being provided with 
rotaxanes of sufficient number and size and extending from said polymeric chain and about a 
substantial portion of the circumference about said polymer chain so as to maintain said polymeric 
chains in a sufficiently deaggregated state, so as to substantially prevent the redshifting of said 
electroluminescence and the lowering of light emission efficiency of said electroluminescence. 

The light emitting polymeric material may also be used in single layer, bilayer or other 
multiple layer devices, using the polymeric material of the present invention. In the case of a single 
polymeric layer device, the polymeric material of the present invention may be used as the electron 
transporting/electron blocking layer. In the case of a bilayer or multi-layer devices, the polymeric 
material of the present invention may be used as the electron transporting layer in conjunction with 
an electron blocking layer of another appropriate polymer, such as might be selected from the 
group consisting of poly(vinylcarbazole). 

The present invention also includes a light emitting device comprising a light emitting 
polymeric material according to the present invention in all of its embodiments, and a source of 
electrical current so as to supply the light emitting device with a flow of electrons capable of 
producing electroluminescence from the device. 

Other examples of synthetic melhods are described in reference 22 and as follows. 
The syntheses of 2,5-divinylpyridine and the macrocyclic monomers are described in 
Scheme 1. We previously found that by using Pd(AsPhjhCI 2 as a catalyst 2.5-dibromopyridine (1) 
reacted with vinyltributyltin selectively at the more reactive 2-position to give 5-bromo-2- 
vinylpyridine (2) in 85% yield. Further reaction with 2 at the 5-position using Pd(PPh 3 ) 2 CI 2 occurs at 
an elevated temperature to produce 2.5 divinylpyridine (3) in 50% yield. This two-step procedure 
was replaced by a one-step reaction catalyzed by Pd(PPhj)4 in the later part of our studies. While 
the reaction requires prolonged heating (55°C, 6 days) and an excess of vinyltributyltin (4 eq.). it 
offers a simplified purification procedure and an improved yield of 80% (a 43% overall yield was 
obtained for the two step procedure). Purification of 3 requires first a distillation under reduced 
pressure, to give a mixture of vinyltributyltin, 3, and a trace amount of 2. Further purification of the 
resulting mixture by flash column chromatography gave 3 as clear liquid in high purity (>99.5% by 
NMR). Monomer 3 was polymerized with the diiodide monomers under Heck reaction conditions 
immediately after purification in order to avoid free radical polymerization of the vinyl group. Dilute 
:i 2 solutions of 3 could be stored for a period of one month in the dark at 0°C and were 
latographed before use. The 
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U*4*ot*4»MI^ macrocy* moTOner (5) ms Msa> prepafM by a w . i|ianson 

,7 TaJ" lh ' SCaSe ' 3 " ^^^M-datydrogainorK ,4, am, „e commercial., 
avertable t.tO<i,bromodecane were slowly added ,o a suspension o( Kj C 0j and Kl in acetone via a 
synnge pump o», a pehod « ihrea days. The *h M, conditions were designed to maximize the 
forma.™ of 5, however, a substantial amount „5%) of the undesired adduct. 6. was also pmduced 
Since 5 and 6 were simifar in physical propanies. their saparafion was onfy possMe through tedious 
grav y column chmmatography (CHrfWrexan, ,5:95). aft,. c„ mpoun(J 5 , „ e m ^ 

MM ,n 25% yie«. The sfnrofarea of 5 and 6 we re cemlrmed by 'H and >K NMR in coniuncbon 
with mass spectrometry. 

1.2 eq. SnBuj 
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Pd(AsPh 3 )2CI 2 
THF, 25°C 



4.0 eq. SnBuj 
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2.0 eq. SnBus 



Pd(PPh 3 ) 2 CI 2 
THF. 55°C 



Pc*(PPh 3 ) 4 . THF 
55°C, 4 days 







Br(CH 2 ) 10 Br 

K 2 C0 3 /KI 
acetone 
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Scheme 1 

As shown in Scheme 2. we have en.pk.yed Heck coapfing reactions for are copolymer 
syntheses. Fo, th, purpose o, Sne-tuning * 6and slruclures 0l ^ n0 , macrocyc|e c 
olymers. we synfhesised polymers containing disabled phenylene units with diflenm, elect™ 
dona^ng ,ar watrdrawing) abilities. Monomer* y a . 76 7c WMe ^ ^ 

Zn. ? n ,tr ali0nS ' W""* 3 '™ b '°™ 8a. 8b. and 8c were conducted in 

t-aen. a, ,,0-C us.g Pd,PPh jh a, as a catalyst. ,n a. cases, the precipitation of EtjNT was 
observed dunng the pofymadzaton. The precipitation of potymera 8b ami 8c was also apparent after 
* hota* To circumvent these problems amy „,p ro , e „ eftoncy of ft. »up«ng reactions, we used 
«*M condit^s to the preparation o. p^mers 9a and 9b. These condidons deluded a mixed 
solvenl system consisting of DMF and xvIwip m i\ f«, :™ 

a ano xy,ene 'or improved solubility, and Pd(P(o-tolyl)) 2 Cl? 

wh.ch appeared lo be a more active catalyst. 
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Et 3 N. toluene 





7a. R = OC16H33 
7b. R = Ci 2 H 25 
7c. R = COOC12H25 



Pd(PPh 3 ) 2 CI 2 (PdCI 2 . P(o-toly!) 3 ) 
EbN, DMF/xylene 



8a, R = OC16H33 
8b. R = C, 2 H 25 
7a. R = COOCuHk 




9a. R = OC 16 H33 
9b.R = C 12 H 25 

Scheme 2 

These devices may be constructed in accordance with deposition and assembly techniques 
known ,n Ihe art. The present invention may be used in the creation of a wide variety of lighting and 
lighted displays, giving the many advantages associated with polymeric materials. 

In accordance with the present invention, results are presented for bilayer devices using PVK 
as a hole-transport layer and a family of copolymers of PPV and poly(pyridyl vinylene) PPyV with 
various s.de groups as the emitting layers. The absorption, photoluminescence and 
electroluminescence spectra indicate that the PL and EL are attributed to the formation of an exciplex 
at Ihe PVK/copolymer interface for all the copolymer systems studied. An exciplex. like an excimer is 
an excited state complex, except that an exciplex is formed between two different molecules 
olymers in this case) rather than identical ones for an excimer (19). Contrary to 
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expectations, earlier reported devices do not exhibit exciplex formation. For example, Greenham et 
at reported a bitayer device with CN-PPV and PPV, but the EL matches the PL and EL of a single 
CN-PPV film [3J. Results for other bilayer configurations also do not support exciplex formation 
PJ. Osaheni and Jenekhe [20] have observed exciplex formation in bilayers of PBO and TTA, but 
J only for PL, although they do suggest that exciplexes may be important processes in organic light- 
emitting devices [20-21]. PL and EL due to exciplex formation has been reported in blends of PVK 
and a multiblock copolymer by Karasz and coworkers [17], but devices with separate layers were 
not investigated. 

Brief Description of the nrawin^ 
JO Figure 1 depicts three chemical structures relevant to the present invention: (a) a copolymer of 
PPyV and PPV with side groups R-C„H M or COOC l2 H M , (b) a copolymer with side group 
Ri=OC l6 H 33 and strap R 2 -C|oH 20 , and (c) a hole-transport layer poly( vinyl carbazole). 

Figure 2 depicts plots showing absorbance of a single layer of PVK, a single layer of copolymer, 
and a bilayer of PVK/copolymer. (a) PPyVP^OOCuH^V, (b) PPyVP(C l2 H M ) 2 V and (c) 
15 "strapped" copolymer. 

Figure 3 shows photoluminescence of (a) PPyVP^jH^V film (dashed line), 
PVK/PPyVPCCjHjjfeV bilayer film (solid line), PVK film (O) (b) PPyVPfCOOC.jHjOjV film 
(dashed line), PVK/ PPyVP(COOC, 2 H 2 ,)jV bilayer film (solid line). PVK film (O). and (c) 
strapped copolymer film (dashed line), PVK/strappcd copolymer bilayer film (solid line), PVK film 
20 (O). 
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Figure 4 show, electroluminescence (solid lines) for a (a) ITO/PVK/ PPyVP(COOC P H 2J ),V/Al 
dcviccanda^^VK/strappeocopo^ 

bilaye, films of PVK and (a) PP y VP(COOC, ftj, V and (b) strapped copolymer. 

Figure 5 shows current density-voltage characteristics (O) and brightness-voltage characteristics 
of an rrO/PVK^PyVPCCOOCH^V/A. device. Inset shows a comparison between a single 
layer, ITO/ PPyVPfCOOC.^V/A., device (□) and the bilayer device (O). The bilayer device is 
10 times brighter at 10 times lower current density implying a 100 times improvement in efficiency. 
Detailed Descrintinn «r >h f p^fr ^ p m K n ftimrnt 

In accordance with the foregoing summary of the invention, the following presents a detailed 
description of the preferred embodiment of the invention which is presently considered to be its best 



The synthesis of the PPyVPV copolymers is described elsewhere [22]. Figure 1(a) shows the 
molecular structure of poly(pyridyl vinylene phenylene vinylene) (PPyVPV). We report results for 
copolymers with side group, R-COOC 12 H 2J and C I2 H 2J . Figure 1(b) shows the same copolymer 
15 with a "strap" across the phenyl ring in alternate PPV segments. For the second copolymer the side 
groups are R,-pC u H„ with a strap R a «C I0 H a . The copolymers are soluble in common organic 
solvent, such as tetrahydrofuran (THF), xylene, and chloroform. The PVK (Fig. 1(c)) was 
purchased from Aldrich Chemical Co. 

The PL and EL measurements were made using a PTI QMl luminescence spectrometer. The 
20 absorption measurements were made using a Pcrkin Elmer Lambda 19 UWVis/NIR spectrometer. 
The current-voltage characteristics were measured using two Keiihley 1 95A multimeters. The 
voltage was applied using a HP 6218A dc power supply. Quamum efficiency measurements 
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nwde using a calibrated QTH lamp and a United Detector Technologies Silicon Photodiode (UV- " 

* «». for PL and ahsotpuon n,.asu„ra.„ t , were spin cas, on quartz. PVK was spin cas, 
(-3000 .puts) from a ,0 rag/ra, soiuUo. in THF. The copolyntets were « spUs « ( . I000 

powers were spin cast on indiura Un^de 0TO) subsu^s. which M ^ ^ 

Tne PVK U y .r in the bi^er ^ ^ f„ - 3 0 «conds in a u^ flowllood 

before the copolymer layer was spin cast Alifek^.- . * . 

spin cast. All fabrication steps for the devices were conducted in an 

ambient atmosphere in a Class 1 00 clean,™™ a i 

ass iuo cleanroom. Aluminum electrodes were thermally evaporated 

10 onto the copolymer surface at low pressures « 1 0* t 0 „, ti» ^ 

v cssures (< i o ton). The active area of the devices was 7 

mm . 

Result* Diaaiasion 

FigureJshows ft. •bs.rban« fe ,sing.e«dbil. y ers y s«n B . Each of the plots snows the 
absorb „f a sincle ,„ y „ m a stas|e tay=r of acopolyme( ^ a ^ ^ 

» 'V K and„*„ TO poodi„geop„ lym , r . The ^ tofpVKsbsoipUonijai3SeVandshows ^ 
I fea^es at 3.6 and 3.75 eV , imiU r repom ,„ mh of „« ^ ^ (a) 
W -d (c, of Fig. 2 the absorbanee of the oil W connguration is the sura of the absence of each 
of*. individual Nonewgrou^u,.^^^,^^^^ pholoI „ rajneSMnce 
esciration (PLE) results (not shown, for mh oflhe syllem3 ^ ^ 

PL (ociteda, 3.U.V, ofa PVK fiira isshowain Fig. 3a. 3baad3c b, the op^ cirales «>> and 
^ " ^ Simil "' '° PPeVi0,U "~» "» *— »■» - d- PL of. si „g,e la>ot «, m of 
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each copolymer, (a) PPyVPCCH^V, (b) PPyVWCOOC H vv .. , u 

u y v ^ c ' ooc ijH 2 j) j V and (c) the strapped copolymer. 

The spectra arc similar with each of the oeaks at -5 i -v -.u i_ 

peaks at -2.1 eV with the exception of the strapped 

"polymer which also te . sig™ fic . nt shoullfcr „ 2 . 23 ev . ^ pi of ^ ^ wwch 

> Kdshi* fem soiuUon ,o film is due to wio „ „ to ^ (JJJ 

Thesoiid lion, in Fig . 3 „ to PL spectra for the bilayer configurations of PVK add each of the 
copolymer 1. «N case the bflayer fllms were excited at 3.6 eV an energy the, is greater than *. 
^.apofPVK. '"^-.rao^^^^^^^^. pLemissiona(the 
aarae energy as the PVK PL emission (3., ,V). However. d« main fe>toe „ the pL rffc biUy „ 
•0 .Sltnaisfocateda, 2.S .V for (a) PPyVPfC.H^V «, (b) PPyVPfCOOCH^V and a, 2.C .V 
for Ite (o) strapped copolymer. Emission a. theseencgies is not observed for individoa! «Uma of 
either PVK or the copolymera indic*,ng u*. *« .mission b due „ . ^ 

U«««ip^When.ho«xcrra, i on.„er S y isl o W e re dbe 1 ow3.4.V ( b^ gv . f PVK,d««n M on 
- » to excipfox is drasUcaHy raduced. ,„ «idid,„, varying the conc.ra^ion or thictne* of ft. 

exciplex peak and PVK peak. 

PPyVPCCH^V and PPyVP(COOC„H tJ )..V have nearly idendeal PL reaults. which i. 
expected aince ,hc aide chains tend to perform the same function in bom copolymers. The sing,, 
■oyer PL rcsuhs for m , SI[ » pped copolvm „ ,„ pig ^ ^ , _ ^ ^ ^ ^ 

=0 shoulder. The high energy shoulder i, close, to the solution PL and is attributed to unaggregatcd 
ai.es in the fi, m . The C„H„ abap around ever, other phenyl ring tends to distort, the aggmgatioo 
•ha, occurs i„ ,„o other copolymers of this lta „i lv . The same shoulder (now on the lowencrg, aide) 
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also appears in the bilayer film, indicating the PL has contributions from exciplex sites and from 
unaggregated regions of the strapped copolymer. 

The bilayer devices have turn-on voltages - 12-16 volts with current densities between 0.1 and 
0.5 mA/mm 1 . The devices can easily be seen in a brighdy lit room and have internal quantum 
5 efficiencies ~ 0.1-0.5%. Figure 5 shows the current-voltage (O) and voltage-brightness (solid line) 
characteristics for a typical ITO/PVICTPyVPCCOOCjH^V/Al bilayer device. The inset of Fig. 5 
shows a comparison between a single layer device (ITO/PPyVPCCOOC.jH^V/Al) and the bilayer 
device shown in the main plot. The bilayer device is ten times brighter at an order of magnitude 
lower current density which means the bilayer device is ~ 1 00 times more efficient than the single 
10 layer device. 

In the devices the electrons are injected from the Al electrode into the conduction band of the 
copolymer, but they are confined at the PVK/copolymer interface due to a large barrier. The holes 
injected from the ITO also may be confined at the interface by a somewhat smaller barrier. The 
increased number of electrons and holes in the interface region increase the probability of 
13 recombination via exciplex emission. In addition the buried interface severely reduces the non- 
radiative recombination that otherwise will occur near the electrodes. 
Conclusion 

In summary, the present invention demonstrates the presence of exciplex emission in 
heterojunctions of PVK and PPyVPtfDjV. The addition of a C I0 H 20 strap on every other phenyl 
20 ring in the copolymer reduces the aggregation in the films. Emission from the strapped copolymer 
bilaycrs is a combination of light from exciplex and unaggregatcd sites. The exciplex is the primary 
method of electroluminescence in the bilayer devices. The bilayer devices we have lubricated show 
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• 100 Urn-, iMrase to , fficiencJr con,^ to ^ e Uyc, devices dlK „ chlrge c0 „ fmernem ^ 
exciplex emission at the interface. 

The following references arc hereby incorporated herein by reference: 
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The contents of U.S. Provisional Patent Application Serial Number 60/023.071 are hereby 
incorporated herein by reference. 

In view of the present disclosure or through practice of the present invention, it will be within the 
ability of one of ordinary skill to make modifications lo the present invention, such as Ihrough the use 
of equivalent arrangements and compositions, in order to practise the invention without departing from 
ihe spirit of the invention as reflected in the appended claims. 
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In The Claims: 



t. A light emitting polymeric material said light emitting polymeric material capable of producing 
electroluminescence upon being provided with a flow of electrons, said light emitting polymeric 



a plurality of polymeric chains comprising polymeric chains each having substituent moieties of 
sufficient number and size and extending from said polymeric chain and about a substantial portion 
of the circumference about said polymer chain so as to maintain said polymeric chains in a 
sufficiently deaggregated state, so as to substantially prevent the redshifting of said 
!0 electroluminescence and the lowering of light emission efficiency of said electroluminescence. 

2. A light emitting polymeric material according to claim 1 comprising polymeric chains selected 
from the group consisting of alternating and random copolymers, having the structure: 



material comprising: 
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wherein m is the degree of polymerization; 

Y is selected from the group consisting of - CR. O * rn L 

6 CH 2 , 0. S, CO and NR, wherein R is an alkyl group 

containing 1 to 1 6 carbon atoms; 

. Ai -^^^^P- ia i ng .r ( CH d „ ( c„ 1 c„ ! o,..ccH,c„ J o,. NR;wlKrci „ RfaM 

8 -P coofcioio, I to 16 carbon «c™, ^ groups hlvj „, , „ „ ^ ^ 
B ■ ta *o „ co^Uo, rf(a ^ ^ group3 ^ 6M]4 cirbon ^ ^ 

cahxarene having 1 8 to 200 carbon atoms; 

wherein u may be of a value independent* se.ected from the group , to 6. inclusive; 
•0 wherein w may be of a value independently selected from the group , to 6. inclusive; 
wherein n may be of a value independently selected from the group 0 to 6. inclusive; and 
wherein Z may be a structure selected from the group consistmg of : 



15 




wherein R is an alkyl group containing 1 to 1 6 carbon atoms; 

20 wherein Y is selected from the group consistino of ru n c ™ x„> 

p TOns,s « n 6 of - CH 2 , O, S, CO and NR, wherein R is an alkyl 

group containing I to 1 6 carbon atoms; 
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B is selected from the group consisting of (CH$ n , aryl groups having 6 to 14 carbon atoms, and 
calixarene having 18 to 200 carbon atoms; 

wherein u may be of a value independently selected from the group 1 to 6, inclusive; and wherein w 
may be of a value independently selected from the group 1 to 6, inclusive, 
s 3. A light emitting polymeric material according to claim 1 wherein said polymer 

comprises polymeric chains selected from the group consisting of copolymers, having the structure: 




wherein Ri is OC16H33 and R2 is C<|qH20- 

4. A light emitting polymeric material according to any one of claims 1 to 3 wherein said 
polymeric material is further provided with a layer of an electron blocking polymer. 

5. A light emitting polymeric material according to claim 4 wherein said electron blocking 
polymer is selected from the group consisting of poly(vinylcarbazole). 

6. A light emitting polymeric material said light emitting polymeric material capable of 
producing electroluminescence upon being provided with a flow of electrons, said light emitting 
polymeric material comprising: 

a plurality of polymeric chains comprising polymeric chains each being provided with 
rotaxanes of sufficient number and size and extending from said polymeric chain and about a 
substantial portion of the circumference about said polymer chain so as to maintain said polymeric 
chains in a sufficiently deaggregated state, so as to substantially prevent the redshifting of said 
electroluminescence and the lowering of light emission efficiency of said electroluminescence. 

7. A light emitting polymeric material according to daim 6 wherein said polymeric 
material is further provided with a layer of an electron blocking polymer. 

8. A light emitting polymeric material according to claim 7 wherein said electron blocking 
polymer is selected from the group consisting of pofy(vinylcarbazole). 

9. A light emitting polymeric material, substantially as hereinbefore described with 
reference to any one of the examples. 
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10. A process for producing a light emitting polymeric material, said process substantially 
as hereinbefore described with reference to Scheme 1 and Scheme 2. 

11. A light emitting polymeric material produced by the process of daim 1 0. 

12. A light emitting device, said device comprising a light emitting polymeric material 
according to any one of claims 1 to 9 and 1 1 . and a source of electrical current so as to supply said 
electron transporting polymer with a flow of electrons. 

13. A light emitting device, said device comprising a light emitting polymeric material 
according to any one of claims 1 to 9 and 1 1 , and a source of electrical current so as to supply said 
electron transporting polymer with a flow of electrons said device selected from the group 
consisting of single layer, bilayer and multi-layer light emitting devices. 

14. A light emitting device, said device comprising a light emitting polymeric material, 
substantially as hereinbefore described with reference to anyone of the examples. 

Dated 20 July, 2001 
The Ohio State University Research Foundation 

Patent Attorneys for the Applicant/Nominated Person 
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